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LASER BREAKDOWN OF COPPER VAPOR 


By Victor E. Scherrer 
Electronics Research Center 


SUMMARY 

The laser breakdown of copper vapor has been investigated 
as a contributing mechanism for increasing the energy density of 
exploding wires. A 10 joule, electrically-pulsed power system 
produced initial heating in 25y diameter copper wires. The 
electrical heating was augmented by optical heating using a pul- 
sed ruby laser. Focused power densities of 10^ - lO^O watts/cm^ 
produced breakdown in the expanding copper vapor . 

Measurements of the energy deposited in the wire material 
by both electrical and laser sources were made. 

The level of stored electrical energy was adjusted so that 
a pause in the electrical discharge current occurred at the time 
of wire vaporization. Measurements of the laser power absorbed 
in the vapor and the laser power density required to produce 
breakdown in the vapor were made. These measurements were re- 
peated with varying time delay after vaporization. It was found 
that the laser power density required to produce breakdown varied 
from approximately 10^ watts/cm* for a delay of 200 - 300ns to 
10l0 watts/cm2 for a delay of 3ysec after vaporization. 


INTRODUCTION 

High energy densities result (ref. 1) when energy stored in 
a capacitor is deposited in fine wires. The factors which limit 
the energy absorbed are (1) poor impedance match between the 
plasma and the electrical source, (2) pause in discharge current, 
and (3) peripheral arc. With combined inputs from an electrical 
source and a focused laser beam, it may be possible to eliminate 
these factors which limit attainment of higher energy density. 

The focused light from a high power pulsed laser can pro- 
duce very high power densities. It is a very efficient source 
for heating small quantities of material to very high tempera- 
tures . 


DESCRIPTION OF THE EXPERIMENT 

In this experiment two energy sources, a capacitor with 
stored electrical energy, and a Q-switched ruby laser were used 
to study the heating of fine copper wires. The electrical 



discharge first heated and vaporized the copper wire. This was 
followed, after a time delay that could be varied, by a laser 
pulse. Studies were made of the interaction between the copper 
vapor and the focused laser beam. 

A schematic diagram of the experiment is shown in Figure 1. 
Initial heating occurred when a capacitor storing up to 10 J of 
energy at a potential of 20 kv was discharged through a fine 
wire with a frequency of 1 MHz. After a preset delay, optical 
energy from a pulsed ruby laser was deposited in the expanding 
metal vapor. A study was then made of the interaction of laser 
light with the copper vapor. 

Measurements were made of the incident and transmitted 
laser power. A spectrograph operated as a monochromator and was 
used to measure the light emitted from the plasma source due to 
laser heating. 

Other diagnostic measurements, indicated in Figure 1, were 
made when necessary. 


THE EXPLODING CONDUCTOR: TARGET FOR LASER BREAKDOWN STUDIES 

In this study the exploding conductor was used as a target 
for measurements of the interaction of laser light with copper 
vapor. The results will be useful for devising methods to in- 
crease the energy density of exploding wires by laser heating. 

At relatively low values of stored electrical energy, the 
initial discharge current buildup is interrupted by a "pause 
phenomena" (ref. 1) . The pause results in a virtually complete 
cutoff of current through the wire material and thereby prevents 
the attainment of extremely high energy densities. The duration 
of the pause depends upon the diameter and length of the wire, 
the ambient media, the characteristics of the pulsed power sys- 
tem, and possibly other factors. 

Figure 2 shows streak photographs which illustrate some of 
the phenomena. Photograph A illustrates the current discharge 
pause. The non-luminous vapor is light while the hot plasma 
is dark. The duration of the current discharge pause is indicat- 
ed in the figure. The pause ended with an arc discharge along 
the center line of the expanding vapor, thus producing a very 
bright source. 


INTERACTION OF LASER BEAM WITH COPPER VAPOR 

A research objective was to determine the nature of the 
interaction of a focused laser beam with expanding copper vapor. 
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Figure 1.- Schematic diagram of the experiment 






(A) ELECTRICAL HEATING 

(B) ELECTRICAL AND LASER HEATING 
(AFTER DISCHARGE PAUSE) 

(C) ELECTRICAL AND LASER HEATING 
(DURING DISCHARGE PAUSE) 


Figure 2.- Laser heating of exploding wire 
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Conditions under which breakdown of the vapor occurred were to 
be investigated. With vapor breakdown the energy density of 
an exploding wire plasma source can then be increased by elec- 
trical discharge. 

Figure 2 (C) is a streak photograph of a laser heating an 

exploding wire during the discharge pause. The initial break- 
down occurred at the center of the vapor and expanded rapidly 
as is evident in the photograph -- the expansion velocity was 
greater toward the laser source than away from it. 

Figure 2 (B) shows the effects of laser heating an explod- 

ing wire, late in time, after the pause was completed. In this 
case, the heating of the partially ionized wire material was 
more uniform. 


The measurements of laser light absorption in copper vapor 
during the discharge pause are shown quantitatively in Figure 3. 
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Figure 3.- Absorption of laser light in copper vapor 
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The percent of laser light absorbed is plotted against the 
estimated incident laser power density in watts/cm 2 . Results 
are shown for 0.65ysec and 2.85ysec after the beginning of the 
pause. It is evident that the fraction of laser light absorbed 
increases rapidly with indident laser power density. The 
absorption of laser light is also greater for the shorter time 
delay as indicated in the figure. 

From the results of Figure 3, one would expect a substantial 
increase in the energy density of the plasma for the higher in- 
cident laser light intensities. The plasma would then re- 
radiate the energy over a wide spectral range. The results of 
measuring the relative radiated light from the plasma are shown 
in Figure 4. The relative light from the plasma, at a wave- 
length of 5000 K, is plotted as a function of the incident laser 
power density. Separate curves are plotted for three different 
delay times after the beginning of the current pause. The 
shapes of the curves are typical of those obtained in other laser 
breakdown experiments (ref. 3). The laser power for which the 
rate of increase of output light is maximum is used to define 
breakdown . 

In Figure 5, the laser power corresponding to breakdown is 
plotted as a function of delay time after initiation of the 
current pause. It is evident that the laser power density re- 
quired for breakdown increases rapidly with time during the 
pause. Therefore, if the laser pulse is synchronized to heat 
the wire vapor within 100 ns or less of the initiation of the * 
pause, a focused laser power of only 109 watts/cm 2 will be re- 
quired to produce an avalanche in the metal vapor. After the 
avalanche is formed, electrical heating will again produce a 
higher energy density. 


CONCLUSIONS 

It has been found that modest focused laser power densities 
(lO^ w/cm 2 ) will produce an avalanche in the expanding copper 
vapor following the onset of the current pause conditions. Such 
laser heating promotes electrical heating by establishing a 
conducting filament under higher vapor densities than are attain- 
able by electrical heating alone. Therefore, it is likely that 
this technique can be used to increase the energy density of 
electrically exploded wires. 
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EFFECT OF LASER HEATING DURING 
EXPLODING WIRE DISCHARGE PAUSE 

RELATIVE PM SIGNAL Vs LASER POWER 
DENSITY (watts/Cm 2 ) FOR FIRING 
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Figure 4.- Change in light emission from 
copper due to laser heating 


Figure 5.- Laser power density required 
to break down copper vapor 
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